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ABSTRACT
E rle r , E lise L . ,  M.S., Spring, 1980 Geology
Petrology and Uranium Mineralization of the Idaho Batholith near 
Stanley, Custer County, Idaho (98 pp. )
Director: Donald W. Hyndman
The Cretaceous Idaho batholith hosts uranium mineralization in 
the Basin Creek area, approximately 15 km northeast of Stanley, Idaho. 
Five rock types are lo ca lly  present within the batholith: 1) b io t i te -
bearing equigranular gran ite , 2) b iotite-bearing quartz granite  
porphyry, 3) b iotite-bearing K-feldspar porphyritic granite, 4) b io t i te -  
bearing leucocratic gran ite , and 5) g ran itic  ap lite  and pegmatite dikes. 
Field relationships indicate that the equigranular granite is an early  
unit of the batholith . Quartz granite porphyry and s lig h tly  younger 
K-feldspar porphyritic granite were emplaced la te r  than the equigranular 
granite. The porphyritic granites are sim ilar in appearance except for  
the development of 1-8 cm-long K-feldspar megacrysts within the K- 
feldspar porphyritic granite. These granite magmas may have been 
d iffe re n tia te s  of the equigranular granite magma or the product of a 
d if fe re n t magma. The leucocratic granite is a late-stage d iffe ren tia te  
of the Idaho batho lith , sim ilar in appearance to the White Cloud stock, 
20 km south. Numerous gran itic  pegmatites and aplites cut the three 
older units of the batholith along a northwest-trending structural 
grain.
Quartz granite porphyry and K-feldspar porphyritic granite host 
three types of uranium mineralization: 1) uraninite in chalcedony
veins, 2) stockwork uraninite in lo ca lly  concentrated, small tension 
shears, and 3) uranophane and autunite in pegmatites. Leucocratic 
granite has low rad ioactiv ity  and no uranium occurrences. Uranium 
e ither  was introduced prior to intrusion of the leucocratic granite as 
magma-derived late-stage vo la ti les  that escaped along zones of weakness 
to form pegmatites, ap lite s , and uraniferous veins or was associated 
with the Eocene igneous a c t iv i ty  of the Challis volcanics forming super­
gene or hypogene uranium deposits.
n
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CHAPTER I 
INTRODUCTION
The Basin Creek area l ie s  along the eastern edge of the Atlanta  
lobe of the Idaho batholith at 114^52'30" west longitude and 44^17' 
north la t itu d e  (Figure 1 ). In th is  area Cretaceous gran it ic  rocks con­
taining xenoliths of Paleozoic metasedimentary rocks are overlain by 
T ert iary  volcanics. During Mesozoic time, a series of mesozonal 
intrusions formed the Idaho batholith within a regionally metamorphosed 
Paleozoic to Precambrian sedimentary package. Following u p l i f t  and 
erosion in early Tertia ry  time, the Challis volcanics were deposited on 
top of and within both the intrusive and metamorphic rocks.
Within th is  geologic framework, uranium was deposited in the 
Basin Creek area in the Cretaceous intrusive rocks and in an early  
T ert ia ry  arkose unconformably overlying the Idaho batholith . The purpose 
of th is  study was to in terpre t the petrology of the g ran it ic  rocks and 
associated m ineralization in order to determine i f  there is a genetic 
relationship between the granite and uranium m ineralization.
LOCATION AND ACCESS
The Basin Creek area l ie s  12 kilometers northeast of Stanley,
Idaho and is located north of the Salmon River (Figure 2 ) . The study
area (P late  I and Figure 5) is bounded by the Challis volcanics on the
northeast, American Creek on the east, the Salmon River on the south,
Copper Creek and Potato Mountain on the west, and L i t t l e  Basin Creek on
the north. The study area and the uranium occurrences are centered on
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Figure 1. Map o f Idaho showing the Idaho batholith and 
location of the thesis area.
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Basin Creek which drains into the Salmon River 12.5 kilometers northeast 
of Stanley. Outcrop is lim ited in the area; 10% is average with none 
on the tree-covered north slopes. The best exposures are found along 
the rap id ly  downcutting Salmon River.
Access is excellent during the summer and f a l l  months. Idaho 
Highway 75 (formerly U.S. 93) follows the Salmon River from Challis to 
Stanley and is kept open a l l  year. Good d i r t  roads are found up the 
major drainages to most uranium prospects; logging roads and four-wheel 
drive t r a i l s  provide access to the remainder of the thesis area.
PRESENT STUDY
During the summer and f a l l  of 1979, I spent four-and-one-half 
months in the f ie ld  preparing a geologic map, gathering samples for  
chemical analyses and age dates, and collecting hand specimens. Ad­
d ition a l geologic work was done fo r  Noranda Exploration, Inc. The base 
map is  a composite of two U.S. Geological Survey 7 .5 ' topographic maps 
(Basin Butte and East Basin Creek); reconnaissance geologic mapping was 
done with the aid of aeria l photographs at a scale of 1:24,000. Thin 
sections from selected hand specimens were examined using a pétrographie 
microscope. Modal estimates of composition were made by 2000 point 
counts on ten samples and by visual estimates on 55 samples. CIPW norm­
a tive  estimates were calculated from whole rock chemical analyses 
determined by emission spectroscopy. Uranium analyses were determined 
by q u a li ta t iv e  gamma-ray spectrometry.
CHAPTER I I  
REGIONAL GEOLOGY
LITHOLOGIES
The thesis area is located at the contact of the Idaho batho­
l i t h  and the overlying Eocene Challis volcanics. Exposures of Paleozoic 
metasedimentary and Precambrian(?) rocks are found within the region. 
Eocene in trusive bodies are exposed in the general area. Figure 3 shows 
the regional geology.
Precambrian(?) Rocks
The oldest known rocks to crop out in the Stanley area are meta­
morphic rocks of the Thompson Peak Formation (Reid, 1963). These rocks 
are found southwest of the town of Stanley along the eastern edge of the 
Sawtooth Mountains. Feldspathic schist, fe ldspar-rich granofels, and 
1im e-s ilica te  granofels make up the mass of Thompson Peak and xenoliths 
lo ca lly  within the Idaho batholith . Reid considers these metamorphic 
rocks, which show more complex deformation and higher-grade metamorphism 
than nearby Paleozoic sedimentary rocks, to be Precambrian in age because 
of th e ir  s im ila r i ty  to the Wallace Formation of the Proterozoic Belt 
Supergroup in northern Idaho.
Paleozoic Metasedimentary Rocks
Quartzites, a r g i l l i t e s ,  and s i l i c i f i e d  limestones of the
Pennsylvanian Wood River Formation (Umpleby and others, 1930; Choate,
1962) crop out in the Basin Creek Region. Rocks thought to be Wood
5
Figure 3: Generalized regional geologic map (modified from
Rember and Bennett, 1979).
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River Formation are exposed immediately west of the Basin Creek-Salmon 
River confluence, in the headwaters of American Creek and Rankin Creek, 
and along the Yankee Fork drainage a few kilometers north of Sunbeam. 
These rocks probably represent erosional remnants of Paleozoic roof 
pendants along the eastern margin of the Idaho batholith . The eastern 
margin of the batholith  is exposed along the Salmon River to the west of 
Slate Creek. Pendants of Paleozoic rocks are well exposed in the White 
Cloud Peaks south of the thesis area (Bennett, 1973).
Idaho Batholith
Much of the Stanley area is underlain by plutonic rocks of the 
Atlanta lobe of the Cretaceous Idaho batholith . Potassium-argon dates 
for plutonic rocks collected near Sunbeam and Robinson Bar along Idaho 
Highway 75 are approximately 80 m ill ion  years (m.y.) old (Armstrong, 
1975a). Compositional and textural variations of plutonic rocks in the 
Basin Creek area are diverse (Choate, 1962). Compositions range from 
sodic granite to ca lcic  granodiorite. Textural variations range from 
f in e -  and medium-grained varie ties  to s trik ing  porphyritic textures 
caused by large crystals of K-feldspar and/or quartz. Numerous pegma­
t i te s  and ap lites  cut the batholith in the area.
Two Late Cretaceous stocks are found in the region. The 
Thompson Creek and White Cloud stocks are leucocratic granites which 
host sizable molybdenum deposits. M ineralization within the Thompson 
Creek stock has potassium-argon mica dates of 85.9 ± 3.0 m.y. (muscovite) 
and 86.9 ± 3.0 m.y. (b io t i te )  (Marvin and others, 1973), placing a lower 
age l im i t  on the stock. The composite White Cloud stock has a
potassium-argon b io t i te  date of 83.6 ± 2.8 m.y. (Seeland, written  
communication, 1977 iji Cavanaugh, 1979). A leucocratic granite unit 
sim ilar  to the White Cloud stock crops out in the thesis area.
Challis Volcanics
Rocks of T ert ia ry  age overlie  the Paleozoic and Cretaceous rocks 
in the Basin Creek area. Ross (1934, 1937) indicated that these rocks 
comprise the Challis  volcanics which he lo ca lly  subdivided into three 
members (Figure 4 ) .  The Challis volcanics are mainly flows and flow 
breccias of a wide compositional range with local interbeds of tu ffs  and 
sedimentary rocks (Ross, 1961). Potassium-argon dates of the Challis  
volcanics (Armstrong, 1975a) indicate that most of the volcanics were 
erupted 54 to 38 m.y. ago.
Plutons of Eocene age are scattered throughout the Idaho 
batholith  (Bond, 1978; Bennett, 1980). In the Stanley area, two such 
plutons are exposed: the Sawtooth batholith which yields concordant
potassium-argon dates of about 44 m.y. (Armstrong, 1974), and the Knapp 
Peak stock. Both plutonic bodies display features typical of shallow 
emplacement: m ia ro l i t ic  c a v it ie s , smoky quartz, and porphyritic
texture (Bennett, 1980).
TECTONIC SETTING
The mesozonal to catazonal Idaho batholith was emplaced into a 
broad, probably Mesozoic high-grade regional metamorphic terrane 
(Hyndman, 1979a) of upper Precambrian Belt Supergroup sedimentary rocks 
and older granito id  orthogneiss (Wiswall, 1979). Hyndman (1979b)
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Figure 4: Schematic stratigraphie  column of the Challis volcanics
(a f te r  Ross, 1937).
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summarizes the tectonic setting of the Idaho batho lith , which l ie s  more 
than 600 kilometers from the present Pacific coastline. This is in 
contrast to two s im ilar  batholiths lying 150 to 200 kilometers east of 
the coast: the Sierra Nevada batholith of C a lifo rn ia , and the Coast
Range plutonic complex of B rit ish  Columbia. This anomalous position of 
the Idaho batho lith  is o f f  the trend of circum-Pacific batholiths  
(Hyndman, 1972). The Idaho batholith lies  at the eastern end of the 
Columbia arc which encloses a large region of Miocene Columbia River 
basalts and no rocks older than Tertiary  age. The eastern part of the 
Columbia arc , in central Oregon, is marked by the Blue Mountain province, 
a Mesozoic suite o f ocean-floor ultramafic rocks, mafic volcanics, and 
metamorphosed sedimentary rocks. This province extends northeast to the 
Seven Devils volcanics at the western margin of the Idaho batholith . The 
Triassic Seven Devils arc-volcanic p ile  consists of basaltic and andesitic  
submarine lavas and agglomerates (V a l l ie r ,  1977) cut by east-dipping 
thrust fa u lts .  The Seven Devils volcanics are probably a remnant of 
Mesozoic subduction along the continental margin (Talbot and Hyndman,
1975; Hamilton, 1976). The juxtaposition of th is  Triassic volcanic arc 
adjacent to Precambrian crustal rocks to the east around the Idaho 
batho lith  with no intervening Paleozoic rocks suggests that the Blue 
Mountains— Seven Devils block may have moved into place from elsewhere 
(Hamilton, 1976).
East o f the Seven Devils volcanics are extensive Proterozoic 
Belt metasedimentary rocks and underlying pre-Belt basement rocks, into  
which the Idaho batholith  was emplaced. The batholith is geographically
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divided in to  two parts: the northern B itterroo t and southern Atlanta
lobes (Figure 1 ) .  The two lobes are separated by the southeast- 
trending Salmon River arch of regionally metamorphosed Belt and pre- 
Belt rocks (Armstrong, 1975b). Country rocks of the Atlanta lobe on the 
north and northeast are Belt and pre-Belt basement schists and gneisses; 
on the east, country rocks are lo ca lly  Precambrian (?) metamorphic rocks 
(Dover, 1969; Reid, 1963), and regionally , Devonian to Permian marine 
c la s tic  rocks are thrust eastward away from the batholith . Along the 
western margin, the country rocks are metamorphosed submarine volcanics 
of probable Permo-Triassic age. Large expanses of the Atlanta lobe- 
country rock contacts are covered by younger rocks, predominantly 
Tertiary  continental volcanic rocks. Miocene Columbia River flood 
basalts and Pliocene f lu v ia l  and lacustrine sediments occur west of the 
Atlanta lobe; on the south are Pliocene welded tu ffs  and Pleistocene 
Snake River Plain flood basalts; and on the east are the Eocene Challis  
volcanics and related shallow plutons (Bond, 1978).
In the Stanley region, structural features older than Tertiary  
age are obscured by Eocene and younger tectonic a c t iv i ty .  In the Basin 
Creek area, trap-door t i l t i n g  of a subsided block of Challis volcanics 
has thickened the volcanic sequence to the northeast (Siems and others, 
1979). This volcanic block is surrounded on a l l  sides except the north­
east by the Cretaceous Idaho batholith and the Pennsylvanian Wood River 
Formation. Paralle l northeast trends are seen in the early Tertiary  
dike swarm (Hyndman and others, 1977) and in the long axis of the Eocene 
Casto pluton (Siems and others, 1979). Late Cenozoic extension within
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the Basin and Range province south of the Idaho batholith (Christiansen 
and Lipman, 1972) is probably responsible fo r  the normal, range-bounding 
fau lts  which form the Sawtooth Mountains and the Lost River and 
Pahsimeroi Ranges to the east. An east-northeast trend of hot springs 
p a ra lle ls  the Salmon River between Stanley and Challis.
Figure 5: Generalized geologic map of the Basin Creek area,
Custer County, Idaho.
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CHAPTER I I I
GEOLOGY OF THE BASIN CREEK AREA
Geologic mapping divided the plutonic rocks into several 
textural and compositional phases. The geologic map of the Basin Creek 
area (P late  I )  shows: 1) the d is tr ibution  of phases of the Idaho
batho lith , and 2) the spatial relationship of mineralization to phases 
of the ba tho lith . Figure 5 shows a generalized geologic map of the 
thesis area. Each geologically important unit is described from both 
hand specimen and thin section. Point counts were made to accurately 
determine mineral percentages for at least one thin section from each 
Cretaceous unit.
CRETACEOUS GRANITIC ROCKS
The Idaho batholith  was subdivided into four textural and 
compositional units. Composition fo r each unit ranges from granite to 
granodiorite , but the textures are d is t in c tiv e  for each un it; porphyritic  
to equigranular. Mineralogical variations control the composition of the 
rocks; the lUGS c la ss if ica tio n  and nomenclature for plutonic rocks 
(Streckeisen, 1976) are used to name rocks and are shown in Figure 6.
Equigranular Granite
The oldest Cretaceous gran it ic  unit is an equigranular mafic-
bearing phase which crops out over 20% of the thesis area. All other
units cut th is  early  phase of the Idaho batholith . Equigranular granite
is found only west of Basin Creek. The rock forms small, weathered
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Figure 6: General c la ss if ica tio n  and nomenclature of quartz-
bearing plutonic rocks according to mineral content 
(in  volume percent), a f te r  Streckeisen (1976, p. 8)
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Table 1. Mineralogy and average visual estimate of modes from thin
sections of the Cretaceous gran itic  units in the thesis area
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outcrops on south-facing slopes, and the outcrops are dissected by 
jo in ts  and fractures.
The equigranular granite phase is generally medium-grained 
(0.2 to 0.5 centimeters) and massive (Figure 9 ) .  Major mineral 
components are 15 to 25% quartz, 45 to 55% plagioclase, less than 5% 
v is ib le  K-feldspar and 5 to 25% b io t i te .  Similar rocks are found 
within the Idaho batholith  near Robinson Bar and along the Payette 
River.
Average mineral percentages for the equigranular granite have 
been determined from thin sections and are given in Table 1. Appendix 
I gives the mineralogy and estimates fo r  each thin section. The rock 
composition plots as granite to granodiorite (Figure 7). A lteration of 
primary minerals is abundant: b io t i te  has ch arac te r is t ica lly  gone to
magnetite and c h lo r ite ,  feldspars have been s e r ic it iz e d ,  and magnetite 
has fu rther oxidized to hematite. Deformation is shown by strained 
grains of quartz and K-feldspar. Texture is massive and granular; 
myrmekite and lesser graphic intergrowths are found. Primary grains are 
0.5 to 1.0 m illim eter in length. BB-52 shows small (0.1 m illim eter)  
grains of quartz and K-feldspar in t e r s t i t ia l  to phenocrysts of quartz, 
K-feldspar, and plagioclase, which make up 70% of the rock (Figure 10). 
These small grains represent e ither rapid c ry s ta ll iz a t io n  of late-stage  
flu ids  or c ry s ta l l iz a t io n  of eutectic melt.
Quartz Granite Porphyry
Quartz granite porphyry forms a stock along both sides of Basin 
Creek between the Salmon River and Hay Creek. This quartz porphyritic
Figure 7: Compositional plot
of equigranular granite  
from the thesis area 
(c irc le s )  and the region 
(squares).
P
10 35 65 90
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Figure 8: Compositional plot
of quartz granite porphyry 
from the thesis area 
(c irc le s )  and the region 
(squares).
P
10 35 65 90
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unit is exposed over 30% of the thesis area, and forms weathered 
outcrops on south-facing slopes. The poorly exposed un it crops out in 
less than 10% of i ts  mapped area.
In hand specimen, the granite is medium-grained (0 .5  cm) with 
subhedral gray quartz phenocrysts 1 cm across (Figure 11). The quartz 
phenocrysts are prominent on weathered surfaces. Overall mineralogy is  
25% quartz, 45% plagioclase, 20% K-feldspar, and less than 10% b io t i te .  
The rock lo c a l ly  contains less than 5% K-feldspar megacrysts, appearing 
gradational to the K-feldspar porphyritic granite un it.
Average mineral percentages for the quartz granite porphyry 
have been determined from thin sections and are given in Table 1. 
Appendix I gives the mineralogy and percentages for each thin section. 
Figure 8 i l lu s t ra te s  the compositional range: from granite to grano­
d io r ite .  A ltera tion  products are extensive and include brown clays, 
fine-grained white micas and carbonate a f te r  plagioclase, hematite 
a fte r  magnetite, leucoxene a f te r  sphene, and ch lor ite  plus magnetite 
a fte r  b io t i te .  Textures observed in thin section are fine-scale  
myrmekite (quartz intergrowths in p lagioclase), sutured grain boundaries 
of quartz and K-feldspar, strained grains of quartz and K-feldspar, 
p o ik i l i t ic  K-feldspar megacrysts, and phenocrysts of quartz composed of 
many tin y  grains to form single crystals up to 6 mm long (Figure 12).
K-Feldspar Porphyritic Granite
This un it is a potassium megacryst-bearing granite that covers 
40% of the thesis area. The te x tu ra l ly  d is t in c tiv e  unit crops out in 
two major areas of the thesis map: forming the eastern part of the map

Figure 9: Photograph o f equigranular
g ra n ite .
Figure 10: Photomicrograph of equigranular
granite, BB-52, showing bimodal 
crystal size. Small grains are 
quartz and K-feldspar; large 
grains are quartz and plagio­
clase. lOx. Crossed polars.
Figure 11: Photograph of quartz granite
porphyry
Figure 12: Photomicrograph of quartz granite
porphyry, EBC-8, showing segmented 
quartz grains. Sutured quartz 
crystals form a single quartz mega- 
cryst. lOx. Crossed polars.
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along the Salmon River, and at the Basin C reek-L itt le  Basin Creek 
confluence. Like granites throughout central Idaho, exposure is poor 
in th is  un it on timbered and tree-covered slopes. The best outcrops are 
found along major drainages such as the Salmon River canyon between 
Basin Creek and American Creek. Outcrops are weathered, often to a 
granular texture of quartz and K-feldspar grains.
The porphyritic  intrusive unit has a coarse-grained groundmass 
(0 .5 to 1.0 cm) and is massive (Figure 13), except where megacrysts 
form clots or local lineations adjacent to shear zones. Typical compo­
s it ion  of the rock is 20 to 30% clear to gray quartz, 40 to 60% white 
plagioclase, 10 to 20% white to pink K-feldspar, and 10% b io t i te .  The 
K-feldspar megacrysts are up to 8 cm long and contain concentric zones 
of mafic inclusions. Between Lower Harden Creek and American Creek, 
along the Salmon River, the mafic content of the unit increases with the 
appearance of 2 to 4% hornblende. Small pods of fo lia ted  b io t i te -r ic h  
material also occur in the same area. These two features suggest 
contamination of the gran it ic  magma by Paleozoic country rocks, or an 
e a r l ie r  crystal 1ized portion of the pluton. Paleozoic xenoliths found 
within the K-feldspar porphyritic granite w il l  be discussed at the end 
of th is  un it description.
In thin section, K-feldspar porphyritic granite is found to 
have a range of composition from granite to granodiorite with minor 
quartz syenite and quartz monzonite (Figure 17). Average mineral per­
centages are given in Table 1, and Appendix I gives the mineralogy and 
percentages fo r each thin section.
A lte ra tion  is commonly observed in thin section; up to 50% of
25
the plagioclase has broken down into s e r ic ite  and minor coarse-grained 
muscovite, fine-grained carbonate and clays. B io tite  has p a r t ia l ly  
altered to c h lo r ite ,  dusty magnetite and sphene. K-feldspar is commonly 
altered to s e r ic i te  along microfractures.
Textures apparent in thin section are p o ik i l i t ic  K-feldspar 
megacrysts with quartz, plagioclase and b io t i te  inclusions, braid and 
vein p erth ite  (Heinrich, 1965) in orthoclase, and myrmekite fringing  
K-feldspar megacrysts (Figure 14). Deformation is ty p ic a lly  observed 
within the in trusive un it: quartz crystals are composed of numerous
o p tic a lly  disoriented grains with sutured boundaries, undulatory 
extinction in quartz, K-feldspar and plagioclase, bent b io t i te  grains, and 
sutured grain boundaries between quartz, K-feldspar and plagioclase.
K-feldspar porphyritic granite is a te x tu ra lly  d is tin c tiv e  unit 
that is probably genetically  related to quartz granite porphyry. The 
K-feldspar megacrysts appear to have grown la te  in the c ry s ta ll iza t io n  
of the magma, as evidenced by th e ir  p o ik i l i t i c  nature. Aside from the 
presence o f the megacrysts, the two textural units are id en tica l. Some 
mechanism must have triggered the concentration of K-feldspar and 
subsequent formation of the megacrysts. The hornblende-bearing part of 
the unit is found only in the southeastern portion of the map area; i t  
may be the resu lt  of assimilation of Paleozoic host rock or possibly a 
more mafic fringe of the unit. Numerous roof pendants are found lo ca lly  
between Lower Harden Creek and the Yankee Fork; the Idaho batho lith -  
Paleozoic metasedimentary rock contact is exposed east of the Yankee 
Fork (Figure 3 ).
Figure 13: Photograph o f  K -fe ldspar
p o rp h y r it ic  g ra n ite .
Figure 14: Photomicrograph of K-feldspar
porphyritic granite, #11, 
showing a deformed orthoclase 
megacryst with some microcline 
(p la id ) twins. Inclusions of 
quartz. lOx. Crossed polars.
Figure 15: Photograph of a typical outcrop
of Idaho batholith in the Basin 
Creek area. Leucocratic granite  
above Lynch Creek. Hammer is 
38 cm. long.
Figure 16: Photograph of leucocratic granite,
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Paleozoic Xenoliths. Two small occurrences of Paleozoic 
xenoliths are found in the thesis area. These xenoliths are related  
to country rock found several kilometers to the east along the Yankee 
Fork. The local ba tho lith ic  host rock is the Pennsylvanian Wood River 
Formation, a th ick metasedimentary package of limestones, quartzites  
and siltstones (Ross, 1937). One xenolith (100 by 15 by 20 meters) 
crops out ju s t  west o f the Salmon River-Basin Creek confluence; Choate 
(1962) previously mapped the outcrop as basalt. The second xenolith  
(100 by 200 by 50 meters) is located in the upper end of American 
Creek. The stratigraphie  location of the xenoliths within the Wood 
River Formation is not known as contact metamorphism by the Idaho 
batholith has obscured orig inal sedimentary features and composition. 
Stoping of country rock during emplacement of the Idaho batholith is 
probably responsible for the xenoliths.
In hand specimen, the xenoliths are fine-grained. The 
American Creek occurrence is gray-black s i l t i t e  with white quartzite  
interbeds. The Basin Creek outcrop is a black hornfels with abundant 
quartz veins cutting the rock.
A sample of the Basin Creek xenolith was examined in 
thin section. Minerals are quartz (45%) occurring in both the rock and 
v e in le ts , green hornblende (40%), plagioclase (15%, An^^), and accessory 
p yrite  and sphene. The rock displays good hornfelsic texture in thin  
section; quartz is strained but grains are not oriented. The rock is 
fresh with no indication of a lte ra t io n .
Figure 17: Compositional
p lo t o f  K-feldspar por­
p h y r it ic  granite from the 
thesis area (c irc le s ) and 
the region (squares).
A
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Figure 18: Compositional
p lot of leucocratic granite  
from the thesis area 
(c irc le s )  and the region 
(squares).
10 35 65 90
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Leucocratic Granite
The leucocratic intrusive unit crops out over 1% of the thesis 
area; most outcrop is along a north-south trend para lle l to East Basin 
Creek. The rock is generally fresh in appearance (probably because 
most outcrops are in drainages and are recently exposed; see Figure 15). 
This g ra n it ic  un it is s im ilar to rocks found lo ca lly  elsewhere within  
the Idaho batholith  (Reid, 1963).
In hand specimen, the leucocratic granite phase is equigranular, 
f in e -  to medium-grained (0.1 to 0.5 cm) and massive in outcrop (Figure 
16). The mineralogical d is tinction  between equigranular granite and 
leucocratic granite is the amount of b io t i te  present: less than 5% for
the leucocratic gran ite , and greater than 10% for the equigranular 
granite . Mineral assemblages observed in hand specimen are 25 to 40% 
quartz, 40 to 60% plagioclase, 10 to 20% K-feldspar, and less than 5% 
b io t i te .
In th in section, leucocratic granite ranges in composition from 
granite to granodiorite (Figure 18). Average mineral percentages are 
given in Table 1, and the mineralogy and percentages for each thin  
section are given in Appendix I .  Textures observed in thin section 
indicate deformation of a p a r t ia l ly  cooled rock: sutured grain
boundaries, undulose quartz, and segmented grains of op tic a lly  dis­
continuous quartz. C rys ta lliza tion  textures include zoned plagioclase, 
p o ik i l i t i c  K-feldspar, embayed quartz, plagioclase and local b io t i te ,  
in t e r s t i t i a l  myrmekite, and graphic intergrowths.
The leucocratic granite appears to crosscut a l l  other Idaho 
batho lith  units in the study area. This relationship and the
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leucocratic nature of the rock indicates that i t  may be a late-stage  
d if fe re n t ia te  o f the batholith . This unit is s im ilar in appearance to 
the White Cloud stock. The White Cloud stock and a p lite  and pegmatite 
dikes in the Idaho batholith have the same trace element chemistry 
(Bennett, 1973), suggesting a genetic relationship between the two 
late-stage d if fe re n t ia te s . Other leucocratic rocks have been observed 
in the Idaho batholith and are also interpreted as late-stage d i f ­
fe ren tia tes  of the batholith (Bennett, 1980).
Aplites and Pegmatites
Aplites and pegmatites are ubiquitous in the Idaho batholith  
but do not occur in the Challis volcanics. The fe l sic dikes range in 
thickness from one centimeter to greater than one meter and may display 
complex textures of multiple intrusions along the same fracture. Most 
outcrops are too small to locate on Plate I or Figure 5; only s ign if ican t  
areas of outcrop were mapped. Sharp contacts with the host rock were 
observed everywhere.
In hand specimen, typical mineralogy includes pink K-feldspar, 
gray quartz, white plagioclase and clots of muscovite and/or b io t i te .  
Textures are sugary a p l i t ic  or coarse-grained pegmatitic (Figure 19).
In th in section, a "traverse" was taken across a pegmatitic dike- 
country rock contact. Adjacent to the country rock, the dike has a 
five-centim eter selvage of a p l i t ic  (less than one m illim eter) material 
(EBC-41a). The dike coarsens inward to porphyritic and pegmatitic 
textures (EBC-41d). Mineralogy of the "traverse" is presented in 
Appendix I .
Figure 19: Photograph of a composite
pegmatitic (white outer margins) 
and a p l i t ic  (gray inner zone) 
dike cutting K-feldspar porphyri­
t ic  granite. Pencil is 15 cm, 
long.
Figure 20: Photograph of Tertiary  rhyo lite .
Figure 21: Photograph of Tertia ry  s i l i c i c
dike.
Figure 22: Photomicrograph of uraninite
(black) disseminated in bands of 
chalcedony from the Alta prospect, 
EBC-50. lOx. Plane l ig h t .
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No exotic pegmatitic minerals have been observed; accessory 
minerals include ap atite  and secondary muscovite. Fine-scale textures 
include myrmekite and graphic intergrowths. Deformation is seen in 
strained grains o f quartz and K-feldspar and bent lamellae in plagio­
clase.
Aplites and pegmatites of the Basin Creek area do not occur in 
the leucocratic gran ite . Because no gran it ic  dikes were observed near 
any contact of the leucocratic gran ite , age relations are uncertain.
The dikes may be older than or the same age as the leucocratic granite. 
Cavanaugh (1979) notes that a p lite  and pegmatite dikes lace the White 
Cloud stock, a Cretaceous leucocratic granite south of the thesis area. 
The Basin Creek a p l i te  and pegmatite dikes are of g ran it ic  composition 
that probably formed from flu ids  near eutectic composition. The 
pegmatitic dikes contained more vo la ti les  which affected nucléation of 
grains and led to coarser crystals (Hyndman, 1972). Deformation of 
grains is common in pegmatites (Williams, Turner and G ilb ert,  1954).
TERTIARY ROCKS
Arkose
Arkosic sediments which are derived from the Cretaceous Idaho 
batholith  unconformably overlie  the g ran it ic  rocks and are overlain in 
turn by the Challis volcanic p i le .  The arkosic sediments grade upward 
to carbonaceous shale and tuffaceous sandstone, which gives way to l i t h ic  
t u f f  (Choate, 1962). The arkosic sediments are composed predominantly 
of subrounded quartz and feldspar grains with minor conglomeratic
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pebble and cobble lenses. The gray-white arkose is d i f f i c u l t  to dis­
tinguish from the g ra n it ic  rocks. The arkose contains abundant 
carbonaceous trash and secondary uranium m ineralization. Arkosic 
sediments form the northeastern boundary of the map area; these 
sediments are the major uranium ore hosts in the Stanley area.
Volcanics - Undivided
In outcrop the Challis volcanics occur as dikes cutting and 
tu ffs  and flows overlying the Cretaceous gran itic  rocks. Many 
"basaltic" dikes observed in the f ie ld  were too small to be shown on 
Plate I .  The Challis volcanic p i le  unconformably overlies the batho­
l i t h  and conformably overlies the Tertia ry  arkose to the northeast of 
the thesis area. Within the study area most volcanic occurrences are 
small discontinuous dikes of fine-grained basalt. These rocks usually 
are gray-green with less than 5% phenocrysts of plagioclase and pyroxene, 
In th in  section, one specimen (BB-40) contains 35% plagioclase 
(An^^), 30% c h lo r ite ,  greater than 30% s e r ic i te ,  and 5% magnetite. 
Accessory minerals include carbonate and resorbed grains of quartz. 
Chlorite has replaced ferromagnesian minerals (pyroxene?) and is 
ch ara c te r is t ic a lly  rimmed by magnetite. Some apparently primary magne­
t i t e  is also found in the rock. S er ic ite  and carbonate have formed 
from the breakdown of feldspar. The rock is completely c ry s ta ll in e ,  
with 12% phenocrysts of plagioclase and minor quartz and magnetite. The 
resorbed quartz is out o f equilibrium with the basaltic rock; minor re­
sorption is also observed in plagioclase and ferromagnesian grains.
Several blocks of Tert ia ry  volcanics are found in the Idaho
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batholith  along Basin Creek between Hay Creek and Short Creek. These 
blocks appear to be normal fault-bounded and may have dropped from 
s tru c tu ra lly  higher levels near the erosional top of the batholith .
Rhyolite
Porphyritic rhyo lite  dikes and plugs intruded the Challis  
volcanics and the underlying Idaho batholith . Rhyolite was also ex­
truded but is found predominantly outside the thesis area. The 
rhyolite  bodies crop out prominently and are easily  traced both on 
aerial photographs and on the ground. The hypabyssal rhyo lite  forms 
a northeast-trending dike swarm in the Potato Mountain area. Age of 
the rh yo lite  is uncertain; i t  appears to be younger than most of the 
Challis volcanism in the region. The northeast-trending rhyo lite  dikes 
may be related to the gray quartz l a t i t e  of the Idaho porphyry belt  
(Olson, 1968).
In hand specimen, the rhyo lite  is porphyritic (Figure 20) with 
phenocrysts of clear to gray quartz (1 to 3 mm), chalky white to pink 
feldspars (2 to 5 mm), and green-black b io t i te  (1 mm). The gray-green 
aphanitic groundmass makes up 75 to 90% of the rock. Some quartz grains 
are euhedral crystals of beta-quartz.
In th in section, rhyo lite  consists of 10 to 25% phenocrysts of 
quartz, plagioclase, K-feldspar, b io t i te  and minor hornblende. Quartz 
grains are euhedral but embayed on several sides. No deformation is 
seen within individual quartz grains which occur singly or in clusters  
as glomerocrysts. Quartz comprises approximately 50% of the phenocryst 
component. Plagioclase makes up to 30% of the phenocrysts. Plagioclase
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has a lb i te  twins and forms glomerocrysts with other plagioclase grains. 
There is minor synneusis texture where the plagioclase grains jo in  and 
grow rims (Vance, 1969). Almost a l l  observed plagioclase crystals are 
anhedral and well a ltered to fine-grained white micas. K-feldspar (15 
to 30% of the phenocryst component) forms large altered phenocrysts 
which have rounded edges and abundant microfractures along which 
a lte ra tio n  is pervasive. The most abundant a lte ra tio n  minerals within  
K-feldspar crystals are fine-grained s e r ic ite  and carbonate. B io tite  
forms 1% of the phenocrysts, and hornblende is rare ly  found as an 
accessory phenocryst. Both brown b io t i te  and hornblende have been 
largely replaced by c h lo r ite , magnetite, hematite, and c a lc ite . The 
groundmass is composed of fine-grained K-feldspar (10 to 30%), quartz 
(15-20%), plagioclase (5 to 20%), disseminated magnetite (2%) and 
ch lo r ite  (10%) with abundant clay and d e v itr i f ie d  brown glass. Appendix 
I gives the mineral percentages.
The embayed alpha-quartz paramorphs a f te r  beta-quartz indicate 
that quartz crystals were formed a t high pressures and temperatures; 
magmatic corrosion of the crystals resulted from a drop in pressure 
within the magma, making quartz unstable in the melt (Whitney, 1975a). 
The resorption of quartz within the magma results from changing con­
ditions within the magma and/or from a changing magma composition.
T e rt ia ry  rhyo lite  is a hypabyssal, porphyritic rock that formed 
some crystals  (phenocrysts) at depth. The presence of t iny  crystals  
and glass w ith in the groundmass indicates that l i t t l e  time was a v a i l ­
able fo r  c ry s ta l l iz a t io n  between emplacement and s o lid if ic a tio n  of 
rh y o l i t ic  magma.
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S il ic ic  Dikes
S i l i c ic  dikes crop out west of Basin Creek along several ridges. 
The dikes are one to three meters wide and discontinuous on the surface. 
Outcrops are pervasively jo inted and fractured so that hand specimens 
are no longer than 15 cm. The dikes cut only the Cretaceous gran it ic  
units in the Basin Creek area; age relationships with the Challis  
volcanics are uncertain. To the north of the thesis area, near Knapp 
Lakes, s im ilar  dikes cut an Eocene pluton (David Obolewicz, 1979, 
personal communication). Although these dikes have no apparent trend 
within the thesis area, they may be related to the Tertiary  dikes of 
the Idaho porphyry b e lt  (Olson, 1968). Olson described sim ilar  
rhyolite  dikes northwest of Stanley that are aphanitic with local im­
pregnations of pyrite .
The s i l i c ic  dike rock is buff white and weathers to tan, pink 
or pale green. The rock is resis tant to weathering and forms frac­
tured outcrops along ridge crests. Texture is porphyritic with an 
aphanitic groundmass (Figure 21). Phenocrysts of quartz, K-feldspar, 
and pyrite  are few (1 to 2%); the only v is ib le  mafic minerals are iron 
sulfides and oxides. Pyrite has commonly weathered out leaving behind 
a "lim onitic" boxwork in cubic holes.
In th in section, the porphyritic  rock has phenocrysts of 
anhedral quartz (0 to 5%), K-feldspar (0 to 3%), and pyrite  cubes 
(<1%). The groundmass is very fine-grained and composed of quartz (40 
to 60%), K-feldspar (25 to 50%), plagioclase laths (0 to 30%), and f in e ­
grained white mica (5 to 15%). Appendix I gives mineral percentages for
39
each thin section. Groundmass textures include spherulites of radial 
intergrowths of quartz and K-feldspar and graphic texture where quartz 
and K-feldspar are intergrown. Graphic quartz, in many cases, is 
o p tic a lly  continuous around quartz phenocrysts. Alteration of the 
feldspars and pyrite  is extensive; typical a lteration  products are 
s e r ic i te ,  c lay, carbonate, and iron oxides.
QUATERNARY DEPOSITS
In the Basin Creek area Quaternary deposits are predominantly 
recent alluvium with minor g lacia l deposits. The recent alluvium in ­
cludes f lu v ia l  and flood-pla in sands, s i l t s ,  and gravels, slope wash, 
and some glac ia l outwash. Glacial deposits are abundant in the head­
waters of Basin Creek; a poorly sorted terminal moraine f i l l s  the Basin 
Creek va lley at the northern edge of the thesis area. Williams (1961) 
has mapped and described the glacia l deposits of Stanley Basin.
CHAPTER IV 
CHEMISTRY
Chemical analyses of the g ran it ic  rocks within the Basin Creek 
area have been studied to determine i f  there are any genetic a f f in i t ie s  
within the rocks. Numerous two and three component variation diagrams 
were drawn. Simple variation diagrams i l lu s t r a te  the chemical varia ­
tion within the rock suite. Complex binary diagrams attempt to show 
d if fe re n t ia t io n  trends within a c ry s ta ll iz in g  magma, with the inherent 
assumption that the observed variation is controlled by d if fe re n t ia t io n .  
CIPW norms were calculated from chemical analyses and were compared to 
experimentally determined phase diagrams. Phase diagrams give a theore­
t ic a l basis fo r comparison of real rocks. An important point in the 
following discussion is that only eleven analyses are used to define a 
curve; many more analyses are required to create a s ta t is t ic a l ly  valid  
curve.
ROCK CHEMISTRY
Major-oxide chemistry of eleven representative rocks is shown in 
Table 2. Three average igneous rock analyses (Hyndman, manuscript) are 
given fo r  comparison. Immediately obvious is the s i l ic a  range: 65 to
11%. Because of the large percentage of SiOg, the remaining major oxides 
are in negative correlation and are controlled by a 100% to ta l .  Chemical 
variation diagrams are constructed assuming that one magma series is 
being examined.
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Table 2. Chemical compositions (oxides, weight , and CIPW norms of selected rocks from the Basin Creek area ,  Idaho._____________
1 2 3 4 5 6 7 8 9 10 n  12 13 14
SiOg 75.51 66.99 68.53 69.71 63.33 70.64 65.59 71.29 72.36 73.82 77.07 72.04 69.51 66.80
TiOg 0.14 0.33 0.50 0.49 0.49 0.57 0.75 0.26 0.19 0.16 0.06 0.30 0.51 0.54
A I 2Q3 13.51 14.90 16.23 14.89 14.59 13.90 14.79 13.94 13.12 11.97 12.43 14.42 14.76 15.99
^®2°3 0.48 0.98 0.95 1.18 1.52 1.75 1.59 0.65 0.66 0.55 0.06 1.22 1.26 1.52
FeO 0.75 1.05 1.80 ■ 1.55 1.25 1.65 2.40 1.25 0.75 1.05 0.60 1.68 2.15 2.87
MnO 0.02 0.07 0.04 0.04 0.04 0.05 0.06 0.03 0.02 0.04 0.01 0.05 0.08 0.08
MgC 0.22 0.61 1.01 0.90 0.88 1.21 1.80 0.51 0.26 0.36 0.10 0.71 1.11 1.80
CaO 0.65 1.78 2.89 2.91 2.83 2.84 3.83 1.95 1.18 1.68 0.07 1.82 2.55 3.92
NagO 3.60 3.93 3.77 3.56 3.37 3.58 3.48 3.70 3.13 1.65 3.43 3.69 3.51 3.77
KgO 4.36 3.99 3.16 3.19 3.98 3.71 3.81 4.47 5.46 5.67 4 .59 4.12 4 .14 2.79
^2°5 0.05 0.15 0.21 0.20 0.20
0.22 0.31 0.10 0.06 0.05 0.04 0.12 0.19 0 .18
Total 99,29 94.78 99,09 98.62 97.48 100.12 98,41 98.15 97.19 97.00 98.46 100.17 99.77 100.26
Table 2. Continued.
10 n  12 13 14
Q 35.95 24.29 26.66 29.32 26.61 28.43 20.66 27.56 30.28 37.96 38.94 29.46 25.72 22.18
G 1.82 1 .28 1.91 0.82 0.12 0.07 0.20 1.80 0 .90 0.37 0.12
or 25.76 23.58 18.67 18.85 23.52 21.92 22.51 26.41 32.26 33.50 27.12 24.35 24.46 16.49
ab 30.46 33.25 31.90 30.12 28.51 30.29 29.44 31.31 26.48 13.96 29.02 31.22 29.70 31.90
an 2.86 7.75 12.83 13.00 12.60 10.90 13.48 8.23 5.42 7.97 0.06 8.17 11.28 18.15
di 1.05 1.92 0.31
he 0.22 0.73 0.29
en 0.55 1.52 2.52 2.24 2.19 2.52 3.59 1.13 0 .65 0.90 0 .25 1.77 2.76 4 .48
fs 0.79 0.70 1.77 1.14 0.30 0.62 1.58 1.23 0.56 1.28 0.97 1.67 2.21 3.27
mt 0 .70 1.42 1.38 1.71 2.20 2.54 2.31 0.94 0.96 0 .80 0.09 1.77 1.83 2.20
i l 0.27 0.63 0.95 0.93 0.93 1.08 1.42 0.49 0.36 0.30 0.11 0.57 0.97 1.03
ap 0.12 0.36 0 .50 0.47 0.47 0.52 0.73 0.24 0.14 0.12 0.09 0.28 0 .45 0 .43
Total 99.29 94.78 99.09 98.60 97.45 100.09 98.37 98.14 97.18 96.99 98.45 100.16 99.75 100.25
-P i
Table 2. Continued.
Rock samples:
1 Equigranular granite — BB-71.
2 Quartz granite porphyry - -  BB-70.
3 Quartz granite porphyry - -  BB-73.
4 K-feldspar porphyritic granite - -  EBC-15.
5 K-feldspar porphyritic granite — EBC-47.
6 K-feldspar porphyritic granite — EBC-48.
7 Hornblende-bearing K-feldspar porphyritic granite - -  EBC-49.
8 Leucocratic granite - -  EBC-52.
9 Leucocratic granite — EBC-53.
10 Rhyolite dike - -  EBC-51.
11 S i l ic ic  dike - -  EBC-54.
12 Average composition of a lk a li- fe ld s p a r  granite (Hyndman, manuscript)
13 Average composition of granite (Hyndman, manuscript).
14 Average composition of granodiorite (Hyndman, manuscript).
Analyst: Technical Service Laboratories, Mississauga, Ontario, Canada.
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The chemistry of an igneous rock is closely related to the 
chemistry o f the magma from which i t  c rys ta ll ized . However, coarse­
grained Plutonic rocks may not represent the chemistry of the magmatic 
l iq u id  from which they cooled (Wilcox, 1979). Crystal se ttling  or 
f i l te r -p re s s  action may s h i f t  the orig inal composition of the magma so 
that the rock chemistry for the Basin Creek area may or may not be the 
same as the orig inal magma.
S il ica  Variation Diagrams
Figure 23 shows each of the major oxides plotted against SiO^* 
Linear trends are found in each oxide diagram with an apparently 
systematic relationship between each oxide and s i l ic a .  S ilica  variation  
(Marker) diagrams are often used with the assumption that within the 
course of evolution of a magma series there is always a continuous 
increase in s i l ic a  content. This is not always a valid assumption 
(Charmichael, Turner, and Verhoogen, 1974, p. 46).
Straight l in e  variation of chemistry within each diagram is 
commonly interpreted as a co-magmatic rock suite (Wilcox, 1979).
However, the coarse-grained rock suite may not represent a continuous 
l iq u id  l in e  of descent, even i f  the rocks are a l l  derived from a common 
parent magma. Coarse-grained plutonic rocks tend to show some evidence 
of crystal accumulation and slow cooling resulting from deep emplace­
ment; th is  allows the remaining l iq u id  to change its  composition in 
unanticipated ways.
Binary Diagrams
Calculations used to create other binary diagrams attempt to
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Figure 23: S i l ic a  varia tion  diagrams of Basin Creek rocks (c irc les ) and
average rock types (tr iang les; Hyndman, manuscript).
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show d i f fe re n t ia t io n  within a c ry s ta ll iz in g  magma. The chemical 
variation is  assumed to be controlled by magmatic d iffe re n t ia t io n .
Figure 24 shows four binary diagrams which i l lu s t ra te  broad, i l l -  
defined trends. The abscissas of these diagrams represent equations.
The d if fe re n tia t io n  index (Thornton and T u tt le , 1960) is the sum of 
the weight percents of normative quartz, orthoclase, a lb i te ,  nepheline, 
leu c ite , and k a ls i l i t e ,  but no anorthite. Kuno's s o lid if ica tio n  index 
is (1 OOMgO)/(MgO + FeO + FegO  ̂ + Na^O + K̂ O) (Cox, B ell, and Pankhurst, 
1979). The Larsen index is ( l /3 )S i0 2  + KgO - (FeO + MgO + CaO) (Larsen, 
1938). Magmatic d if fe re n tia t io n  probably occurred within the Atlanta 
lobe of the Idaho batholith but is not demonstrated by the limited  
group of chemical analyses from the Basin Creek area.
Ternary Diagrams
Normalized three-component systems are plotted to observe the 
mutual re lations of the components. The CaO-KgO-NagO diagram (Figure 
25) does not display an obvious pattern; on closer inspection, the 
K-feldspar porphyritic granite samples cluster together with subequal 
amounts of each component. All other Basin Creek rocks contain dis­
t in c t ly  less CaO but show no pattern to th e ir  arrangement. An AFM 
diagram (Figure 26) shows the expected trend of a lk a l i  enrichment. The 
Skaergaard iron-enrichment trend and Mount Lassen ca lc -a lka lic  trend are 
shown fo r  comparison.
CIPW NORM CLASSIFICATION
Chemical analyses have been recalculated to a standard set of . 
"normative" minerals (Cross and others, 1902; Hutchinson, 1974;
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F i g u r e  24: B in a r y  v a r i a t i o n  d iagrams.
S i l i c a  { % )  vs .  d i f f e r e n t i a t i o n  index.
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Figure 25: CaO-KgO-NagO plot
of the Basin Creek rocks 
(c irc le s )  and average rock 
types (tr ia n g les ; Hyndman, 
manuscript).
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Johannsen, 1939). This c lass if ica tio n  is generally used for volcanic 
rocks but shall be used for comparative purposes here. Results are 
shown on Table 2. Plots of normative minerals with experimentally 
derived cotectics show relationships between experimental data and the 
Basin Creek rocks. A normative feldspar ternary diagram (Figure 27) 
shows that only those rocks greater than 72% SiO^ plot in the potassium- 
fe ld s p a r - f i rs t  f ie ld .  All other rocks plot in the p lag io c lase-firs t  
f ie ld ,  as confirmed by pétrographie observations. A normative plot of 
Q-Ab-Or shows the e f fe c t  of quartz added to an experimental c rys ta l­
l iza t io n  system (Figure 28). Most Basin Creek rocks are predicted to 
c ry s ta ll iz e  quartz before a lk a li  feldspar. The Basin Creek gran itic  
suite is found to be representative of the Idaho batholith (Figure 29).
EVOLUTION OF THE GRANITE
Pétrographie C r ite r ia
The apparent order of in i t i a l  c rys ta ll iza t io n  of rock-forming 
minerals has been determined for the Basin Creek gran it ic  rocks: 
plagioclase, quartz then K-feldspar, or K-feldspar then quartz, and 
f in a l ly  b io t i t e .  I could not determine an absolute order of crys ta l­
l iza t io n  from the re la t iv e  relationships. This sequence was determined 
from thin sections based on euhedral crysta ls , crystal size, composition 
of inclusions, and in t e r s t i t ia l  crystals . The Basin Creek granites are 
subsol vus granites (T u tt le  and Bowen, 1958) since plagioclase and K- 
feldspar occur as separate grains. Lack of muscovite indicates that the 
granites e ith e r  did not c ry s ta l l iz e  at su ff ic ie n t depth or did not
Figure 27-: Normative feldspar
ternary diagram of Basin 
Creek rocks (c irc le s ) and 
average rock types (tr iang les;  
Hyndman, manuscript), Co­
tectics  from Winkler (1979, 
p. 303, 304).
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Creek rocks (c irc les ) and 
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angles; Hyndman, manu­
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Figure 29: Modal analyses from the Idaho batholith (a fte r  Ross,
1963, p. C88).
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contain the correct chemistry for muscovite formation. Locally, 
concentrically zoned plagioclase crystals appear in the granites; the 
zoning is the resu lt of changing plagioclase composition in the magma.
The change of plagioclase composition within the melt must be subtle 
as only a few zoned crystals are seen. K-feldspar megacrysts are 
generally rimmed by concentric rings of quartz, plagioclase and b io t ite  
inclusions. The megacrysts may have grown as late-stage magmatic 
crystals from a eutectic melt or by remobilization related to pegma- 
t i t i c  f lu id s . Some of the g ran it ic  rocks show evidence of late-stage  
rapid cooling because of a bimodal grain size where most of the rock is 
coarse-grained and equigranular but the groundmass is fine-grained and 
composed of equigranular quartz and K-feldspar.
Post c ry s ta l l iza t io n  textures within the Basin Creek granites 
show deformation and exsolution. K-feldspar is p e r th it ic ,  with a lb ite  
exsolving out of K-feldspar crystal structures as the rock cools. 
Myrmekite of quartz intergrowths in plagioclase form adjacent to 
K-feldspar crystals as a result of metasomatism or possibly exsolution 
(Parker, 1970). A lteration of deuteri c/hydrothermal and/or surf ic ia l  
origin has formed ch lo r ite  and magnetite from b io t i te ,  and s e r ic ite ,  
carbonate and clay from feldspars. Deformation of quartz grains in many 
rocks is shown by undulose extinction and segmented grains. K-feldspar 
crys ta ll ized  as orthoclase (monoclinic) but la te r  stra in  has deformed the 
crystal la t t ic e s  into the lower symmetry of t r i c l i n ic  microcline.
Experimental C rite r ia
The Idaho batholith is a composite of plutons which show l i t t l e .
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i f  any, vésicu lation , a coarse grain s ize , and contemporaneous pegma­
t i te s  (Hyndman, 1972, p. 136, 140-141). These mesozonal characteristics  
form at crustal depths of 7 to 13 kilometers with pressures of 2 to 4 
kilobars. The magmas forming the plutons were undersaturated in water. 
When c ry s ta l l iz a t io n  was almost complete, a water-saturated phase 
(pegmatites) was developed within the magmas (Whitney, 1975a). The 
composition and amount of the water-saturated phase generated by 
c ry s ta ll iza t io n  depends on the v o la t i le  content, l i th o s ta t ic  pressure, 
and degree of equilibrium in the magma. This phase may have been 
retained within the c ry s ta ll iz in g  pluton or expulsed to form pegmatitic 
dikes within previously crysta llized  plutons. The water-saturated phases 
of individual plutons are important in the concentration of vo lati les  
and other elements, including uranium and thorium, that do not f i t  
easily into the crystal la t t ic e s  of major minerals: quartz, plagioclase,
K-feldspar, and b io t i te ,  found within the granites.
Data on closed-system isobaric experiments on batholith crysta l­
l iza t io n  give the expected order of c ry s ta ll iza t io n  within a gran itic  
magma at various water contents (Wyllie and others, 1976). Quartz and 
plagioclase are anticipated liquidus minerals (Stern and others, 1975) 
for a water-undersaturated magma.
Given the observed c ry s ta ll iza t io n  sequence and a reasonable 
2 kbar pressure for mesozonal plutons, comparison with the experimentally 
determined phase diagrams of Whitney (1975b) for a synthetic quartz 
monzonite (adamellite in the lUGS c la s s if ic a t io n ) shows that the Basin 
Creek g ra n it ic  rocks would have contained less than 4 weight percent
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water with no vapor phase generated un til  low temperatures were reached. 
The components o f the high temperature (above 700^C) system are plagio­
clase, a lk a l i  fe ldspar, quartz, and l iq u id . The c rys ta ll iza t io n  sequence 
is plagioclase, a lk a l i  fe ldspar, and then quartz. The addition of 
b io t ite  to the experimental system suggests that less than 1.5 weight 
percent water is in the gran it ic  magmas (Wyllie and others, 1976). At 
2 kbar, the experimentally determined c ry s ta ll iza t io n  sequence is plagio­
clase, a lk a l i  fe ldspar, quartz, and f in a l ly  b io t i te ,  with no vapor 
generated un til  700°C.
EVOLUTION OF THE PEGMATITES
During c ry s ta ll iz a t io n  of g ran it ic  magma, v o la t i le  concentration 
and vapor pressure increase until the second boiling point is reached 
(Hyndman, 1972). The water-rich f lu id  that boils o f f  crys ta ll izes  in 
fractures as pegmatite dikes. Jahns and Burnham (1969) show that at 
5 kbar load pressure, a g ran it ic  magma with 0.5 weight percent water in 
solution increases i ts  water content to 11 weight percent when 95 
percent of the orig inal magma is c ry s ta ll ize d . C rysta lliza tion  increases 
the orig inal water content of the melt 22 times. A lowering of atmos­
pheric pressure on the g ran it ic  magma to 2 kbar decreases the amount of 
water dissolved in the magma to 6.5 weight percent (Burnham and Jahns, 
1962). Consequently, decreasing load pressure increases the water 
content of the residual f lu id  by nearly 50 percent. I f  the in i t ia l  
g ran itic  magma contains 1.5 weight percent water, as established above, 
then with cooling and upward emplacement of the gran ite, an increase in 
water content within the residual f lu id  should increase by a factor of
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20 to contain 30 weight percent water.
The pegmatites in the Basin Creek area contain few hydrous 
minerals. The water in the pegmatitic f lu ids  diffused into the host 
rocks during c ry s ta l l iz a t io n  of the pegmatites, concentrating the 
s i l ic a te  portion of the residual f lu id .  The water diffused from the 
pegmatite dikes may have formed the a lte ra tio n  found around many areas of 
pegmatitic intrusion. Volatiles  within the pegmatitic flu ids  were con­
centrated by a s im ila r  factor of 20. The presence of water within the 
f lu id  inhibited nucléation of s i l ic a te  minerals, forming the coarse­
grained pegmatitic texture common to many of the gran itic  dikes.
DISCUSSION
I f  the constraints of comparing simple, closed system experi­
ments on granite c ry s ta ll iz a t io n  are accepted, an upper l im it  of 1.5 
weight percent water content can be established for the Basin Creek 
rocks. This conclusion agrees with that reached by Maal#e and Wyllie 
(1975). Progressive c ry s ta ll iza t io n  of g ran it ic  magma containing 1.5 
weight percent water at 2 kbar pressure or 7 km depth w il l  y ie ld  a 
residual frac tion  of water-saturated s i l ic a te  liqu id  with 30 weight 
percent water (Jahns and Burnham, 1969). Further concentration of the 
s i l ic a te  l iq u id  occurs as the water diffuses into the host rocks during 
c ry s ta ll iza t io n  of the pegmatites which are ultim ately anhydrous.
CHAPTER V 
GEOCHRONOLOGY
Four isotopic dates were obtained on rocks within the Basin Creek 
area. Two potassium-argon whole-rock dates were from samples of the 
Cretaceous g ran it ic  rocks (hosts of the uranium m ineralization), and two 
uranium-lead dates were on uraninite from the granitic-hosted uranium 
deposits. Locations of the dated material are shown on Figure 30. The 
objective of these isotopic dates is to aid in interpretation of the age 
relationship between uranium-bearing veins and th e ir  granite hosts in the 
Stanley area.
POTASSIUM-ARGON DATES
Porphyritic K-feldspar granite (EBC-48) and quartz granite  
porphyry (BB-73) are samples from the two gran itic  units that were iso- 
topical ly  dated by the potassium-argon whole-rock method. In hand sample, 
BB-73 is a c h lo r i t ic a l ly  altered granite from the Lightning Number 2 
prospect on Hay Creek. EBC-48 is a fresh-looking sample from a road cut 
on the Salmon River east of Lower Harden Creek. The sample is l i th o -  
lo g ica lly  s im ilar to the country rock of most of the granitic-hosted  
uranium deposits of the area. Table 3 presents the potassium-argon 
whole-rock data.
These two potassium-argon dates are s ig n if ican tly  younger than 
the two 79 ± 2 m.y. and one 82 ± 2 m.y. potassium-argon b io t i te  dates of 
Armstrong (1975a) fo r three nearby samples. There are several reasons 
for th is  apparent discordance. D iffe re n t minerals cool and lock
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Figure 30: Isotopic date sample locations .
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Table 3. Potassium-argon whole-rock dates of samples from the Idaho 
batholith  in the Basin Creek area, Custer County, Idaho.
Sample % K see Isotopie
Number lO"^ Age (m.y.)
BB-73 2.72 0.743 86.3 68.7 + 3.4
2.73 0.741 89.1
EBC-48 2.75 0.753 88.5 69.1 + 3.5
2.75 0.754 88.4
Ages calculated using the following constants:
Xe = 0.581 X lO'TOyr'^
X = 4.962 X lO 'TOyr'l
6
= 1.167 X 10”  ̂ atom per atom of natural potassium.
Sample locations:
BB-73 Near center, section 1 , 1 .  11 N ., R. 13 E . , Lightning Number 2 
prospect.
EBC-48 Southeast, section 23, T. 11 N ., R 14 E . , Roadcut north of the 
Salmon River and east of Lower Harden Creek.
Analyst: Teledyne Isotopes, Westwood, New Jersey.
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radiogenic argon into th e ir  systems at d if fe re n t temperatures within a 
c ry s ta ll iza t io n  event. Younger dates may also re f le c t  argon loss because 
of la te r  a lte ra t io n  or deformation of the dated mineral. Both EBC-48 and 
BB-73 contain s ig n if ican t amounts of K̂ O (see Table 1); most of that 
potassium is tied  up in potassium feldspars. Feldspars are subject to 
large losses of the radiogenic argon gas (York and Farquhar, 1972).
Argon escape is connected with the unmixing of d iffe ren t feldspar phases 
(p e r th it iza t io n ) as the feldspars adjust to lower temperature equilibrium  
conditions (Sardarov, 1957). In both samples orthoclase contains per­
t h i t ic  streaks v is ib le  in thin section. Because argon migrates easily  
at low temperatures within p e rth it ic  feldspar, a rock containing more 
potassium feldspar than b io t i te  as i ts  major potassium mineral shows 
lower potassium-argon whole-rock dates re la t iv e  to a mica date for the 
same rock (Armstrong, 1966; Damon, 1968). Potassium feldspars regularly  
show argon loss in undisturbed environments (York and Farquhar, 1972); 
argon loss from potassium feldspars is greater in disturbed environments. 
Both BB-73 and EBC-48 show strained quartz and orthoclase in thin  
section, suggesting these rocks have been deformed.
Whole-rock dating by the potassium-argon method gives an average 
age which is a composite of the individual mineral dates (York and 
Farquhar, 1972). I f  some of the constituent minerals are poor argon re­
ta iners, the whole-rock age w i l l  be low and w i l l  be proportional to the 
re la t ive  abundances of the various minerals and th e ir  potassium concen­
trations. Whole-rock dating of a granite is misleading because of the 
presence of s ig n if ican t amounts of potassium feldspar which is inevitably
62
subjected to argon loss. Argon loss from the whole-rock samples may have 
been from la te r  a lte ra t io n  of the rocks (possibly hydrothermal a lte ra ­
tion) or reheating a f te r  c ry s ta l l iza t io n  (possibly related to Eocene 
igneous a c t iv i t y ) .  There may be one or more factors influencing the 
assumed argon loss reflected by the low dates reported here. However, 
these dates presumably place a minimum age on the rock.
URANIUM-LEAD DATES
Two uranium-lead mineral dates were obtained on uraninite within 
the Basin Creek area. EBC-46 was taken from the face of the open p i t  at 
the Hardee prospect. Both black uraninite and yellow secondary uranium 
minerals are v is ib le  at the sample s ite .  EBC-50 was taken from the dis­
covery p i t  a t the Alta claims. The p i t  l ie s  along a brecciated fa u lt  
zone containing iron oxides, lead su lfates, and yellow secondary uranium 
minerals. The uranium-lead data for the two samples is shown in Table 4. 
EBC-46 shows discordant dates and exhibits a lead loss pattern especially
prj7 ?f)fi
notable because of an excessively old Pb /Pb date. Lead loss from 
uraninite in EBC-46 probably occurred during a ltera tion  or leaching at 
some point within the l ife t im e  of the uranium mineral (N ier, 1939). Dating 
of EBC-50 produced reasonably concordant dates.
The Idaho b a th o lith 's  geologic age is Mesozoic and probably 
Jurassic or Cretaceous (Hyndman, 1979b). On the basis of radiometric 
ages, Armstrong and others (1977) state that the bulk of the Atlanta lobe 
of the Idaho batho lith  is of Late Cretaceous age, 75 to 100 m.y. old, but 
Eocene magmatic-hydrothermal a c t iv i ty  and/or u p l i f t  and erosion over 
broad areas have clouded the isotopic record of Mesozoic events. When
Table 4. Uranium-lead analyses of samples from uranium prospects in
the Idaho batholith in the Basin Creek area, Custer County, 
Idaho.
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Sampl e Uranium Lead
Number (ppm) (ppm)
EBC-46 4260 81.7
EBC-50 8140 216
Isotopic Pb (atom %) measured
Pb204 pb206 Pb̂ 07 pi 2̂08
EBC-46 0.485 75.166 9.821 14.528
EBC-50 1.291 43.034 14.839 40.836
Isotopic Pb ( t r o i l i t e corrected)
Pb206 Pb207 Pb208
EBC-46
EBC-50
93.308
87.746
6.378
4.384
0.314
7.870
Pb206/^238(^ y )
EBC-46
EBC-50
133
172
Pb207/^j235 y )
182
174
Pb^O /̂pb^OG (m.y.) 
901 
195
0.0684
0.0499
Sample locations:
EBC-46 Southeast, section 10, T. 11 N . , R. 14 E . , Hardee prospect 
EBC-50 Northwest, section 14, T. 11 N ., R. 14 E . , Alta prospect.
Analyst: Teledyne Isotopes, Westwood, New Jersey.
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compared with the generally accepted age for the Atlanta lobe, both 
uranium-lead uraninite  mineral dates appear s ig n if ican tly  older than 
th e ir  g ra n it ic  host rocks. This may be the result of pre-existing lead 
being incorporated into the uraninite structure during c rys ta ll iza tio n  of 
the mineral (Koeppel, 1968). However, uranium deposits generally do not 
contain common or non-radiogenic lead (Doe, 1970). Uraninite in frac­
tures and cracks is easily  affected by tectonic a c t iv i ty  and may give 
anomalous or misleading dates. The apparent old age of uranium minerali­
zation w ithin the Basin Creek area (compared to potassium-argon mineral 
dates on the g ra n it ic  hosts) is probably due to the presence of "older" 
lead within uraninite that had to have been deposited a fte r  i ts  host 
rock was formed. Lead ratios often do not change at the time of 
mineralization (Kanasewich, 1968) so that these dates may well re f le c t  
lead ages of the uranium source, or an intermediate age between the 
in i t i a l  age of the lead and a resetting event.
CHAPTER VI 
URANIUM MINERALIZATION
In the Stanley area, uranium concentrations occur within the 
Idaho batholith  and within the overlying arkosic sediments at the base 
of the T ert ia ry  section. The g ran it ic  and arkosic occurrences may be 
genetically  re lated , but no one has studied this relationship. The 
arkosic occurrences have a greater economic po ten tia l, but I am concerned 
here only with the g ran it ic  occurrences.
GENERAL STATEMENT
Three types of mineralization are found within the batholith ic  
rocks: veins, pegmatites, and stockwork. All uranium mineralization is
structu ra lly  controlled. Veins host chalcedony or fine-grained quartz 
with stringers of uraninite . They are variable in size, density, and 
extent. Pegmatites are p a rt ic u la r ly  anomalous at intersections with 
fa u lts . Stockwork uraninite occurs along tiny  fractures within the 
gran itic  rock which lo ca lly  appear to be closely spaced.
Uranium mineralogy is complex and accurate only with x-ray id en ti­
f ic a tio n . Common uranium minerals may be divided into three general 
groups: black, yellow, and green. Uraninite ( (U^^,U^^)02) is the most
common black mineral; yellow minerals may be any of a host of secondary 
uranium minerals, but, within the Stanley area, appear to be uranophane 
(calcium and hexavalent uranium hydrated s i l ic a te ,  an alteration of 
u ran in ite ). Autunite (calcium and hexavalent uranium hydrated phosphate) 
is the most widespread green mineral. Pitchblende is a s lig h t ly  more
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Figure 31: Uranium occurrences in the Idaho b a th o li th .  Basin Creek
area.
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oxidized va r ie ty  of uraninite containing less than 0.1% thorium and 
rare-earth elements (E levatorski, 1978). The only distinguishing  
feature between pitchblende and uraninite in hand specimen is a subtle 
difference in lu s te r . Pitchblende has a p itc h -lik e  luster and uraninite  
has a sub-metallic to iro n - l ik e  lu ster. I have f ie ld  id en tif ied  the 
vis ib le  primary black uranium mineral in the Basin Creek area as 
uraninite because of i ts  sub-metallic luster. I did not further in ­
vestigate the mineralogy of the uranium.
STANLEY AREA PROSPECTS
Numerous uranium claims have been located within the Stanley 
area since the early  1950's. Some of these are on potentia lly  s ig n i f i ­
cant uranium occurrences, and others cover minor anomalies. Kern (1959) 
and Choate (1962) provide detailed descriptions of a l l  uranium claims in 
the Stanley area. The three types of uranium mineralization found within 
the Idaho batholith  are discussed with examples drawn from the thesis 
area. All types may be found together or separately - age relationships 
are unknown.
Veins
The best examples of uranium-bearing veins are found at the Alta 
and Hardee prospects (Plate I and Figure 31) within the Upper Harden Creek 
drainage. Fine-grained uraninite occurs disseminated in chalcedony s tr ing­
ers (Figure 22, page 33) within fractures and fa u lts . The veins and vein- 
lets of chalcedony and uraninite are everywhere found within pre-existing  
structures that are subparallel to the regional structural grain. Surface
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manifestations of uranium-bearing vein occurrences are typ ica lly  altered  
and oxidized with iron and manganese oxides, clays, and secondary uranium 
minerals. Primary, unoxidized mineralization increases with depth from 
the surface, as is observed traversing the Alta and Hardee adits.
Pegmatites
Strongly anomalous rad io ac tiv ity  is ch aracteris tica lly  associated 
where pegmatites in tersect fau lts  near uranium-bearing veins. Mineraliza­
tion was not observed in any pegmatites; gamma-ray spectrometer anomalies 
may be controlled by the dominance of potassium or thorium radiation and 
not necessarily uranium radiation. The highest rad ioactiv ity  readings at 
the Alta prospect (twenty to fo r ty  times background) were found at the 
intersection of a fa u lt  and several thick (0.5 to 2 meters) pegmatites. 
Anomalous pegmatites also occur at the Abbie Lou/Fool Proof, Baker, Bell 
Cross, and Hardee prospects.
Stockwork
Stockwork uranium occurs within the gran itic  rocks as fine-grained  
uraninite along microfractures. The Hardee ad it exposes the best examples 
of th is  type of m ineralization. Concentrations of the microfractures 
appear to be moderate with twenty to fo rty  fractures per meter. Economic 
mineralization may be encountered where microfractures occur in a dense 
stockwork.
Structural Control
Structural control is crucial to uranium mineralization in the 
g ran itic  rocks. The major mineralized structures trend N30°W, N45 W,
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N75°W, and N65°E and dip at high angles (Figure 32). The structures may 
be en echelon and discontinuous along a trend, or narrow or continuous, 
as at the Hardee prospect. Uraninite has been localized within the 
fractured and therefore more permeable rock. Uranium minerals are 
commonly not found within large faults  (0.5 to 1 meter wide) but within  
fractures and jo in ts  near the fa u lts . The fau lts  probably were the 
hydrothermal conduits fo r the mineralizing f lu id s ,  but la te r  movement 
and/or passage of f lu ids  may have removed any evidence of mineralization. 
However, fa u lt  gouge may have been too impermeable to permit hydrothermal 
solutions to move along the fa u lt  zones, forcing the solutions to move 
along nearby fractures and jo in ts .
Host Rock Preparation for Mineralizing Solutions
As observed in the gran it ic  rock descriptions (Chapter I I I ) ,  much 
of the Basin Creek area has been a ltered, both deuteric/hydrothermal and 
su rf ic ia l a lte ra tio n . S urfic ia l weathering is continuing, but the timing 
for deuteric/hydrothermal a lte ra tio n  is ambiguous. Deuteric a lteration  
may have occurred as late-stage magmatic flu ids  circulated through the 
hot p luton(s), and/or hydrothermal a lte ra tio n  may have occurred la te r  
(in Eocene time?), in conjunction with c ircu lating  uraniferous f lu ids .  
Fine-grained white micas, c h lo r ite ,  and epidote indicate a low-temperature 
a ltera tio n  suite . The areas around the Basin Creek uranium occurrences 
are generally more altered than areas fa r  away, such as near the con­
fluence o f L i t t l e  Basin Creek and Basin Creek at the north end of the 
thesis area. The altered granite has a strong greenish hue compared 
with an otherwise gray rock.
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Figure 32: Stereographic projection of poles to mineralized
structures a t  the A lta , Bell Cross, Baker, Hardee 
and Lightning Number 2 prospects.
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A greater density of fractures is observed in areas of uranium 
mineralization than elsewhere. These fractures often display evidence 
of some movement. The fractures have red discoloration, iron-stain  
coatings and pyrolusite dendrites along th e ir  surfaces.
One set of uranium-bearing fractures in the Fool Proof prospect 
is located f i f t y  meters northwest of an active hot spring. The spring 
is localized along a Tert ia ry  rhyo lite  dike which has been offset by a 
fa u lt  controlling the lower part of the Basin Creek drainage. No hydro- 
thermal a lte ra t io n  is v is ib le  adjacent to the spring because of vegetative 
cover. The chalcedony-uraninite veinlets may be related to the hot spring 
system. Hot springs are found throughout the Stanley area. Hot springs 
are surface manifestations of an area of high heat flow, probably since 
the Eocene and perhaps since the Cretaceous. Other uraninite veins in 
the Basin Creek area may have an orig in related to an anomalous heat 
system.
URANIUM DEPOSITS IN GRANITIC ROCKS
Granites contain four times (3 to 4 ppm) as much uranium as do 
basic igneous rocks; certain  granites such as the peralkaline a lb ite -  
riebeckite granite of the Kaffo Valley in Nigeria and the a lk a l i - r ic h  
Conway granite of New Hampshire contain 10 to 12 ppm uranium (Bowie,
1970). Along with high uranium backgrounds, uranium may be further con­
centrated in various deposits within g ran it ic  rocks. These include 
uraniferous veins, pegmatites, a lask ites , and "high-grade" granites. 
Examples of each type of deposit are discussed below.
At Bancroft, Ontario, Canada, u ran in ite -th o rite  veins and
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irregu lar lenses cut and replace bodies of unzoned gran itic  pegmatites 
within highly metamorphosed Precambrian sedimentary rocks (Finch and 
others, 1973). These are the only g ran it ic  pegmatites in the world that 
have been extensively worked for uranium.
The Rossing deposit, South West A frica , is the world's largest 
known uranium deposit in pegmatitic alaskites. Primary and secondary 
uranium minerals are disseminated within a migmatitic granite (von 
Backstrom, 1970). The uranium is thought to be genetically related to the 
Cambro-Ordovician anatectic granites (Rogers, 1977).
At the Ross-Adams Mine, in southeast Alaska, a low-grade, large- 
tonnage, "porphyry" uranium deposit is hosted by peralkaline riebeckite  
granite. There are no sharp contacts between ore and host granite. Ore 
occurs as disseminations and segregations of uranium minerals in the 
granite; the uranium minerals appear to have become more concentrated in 
la te r  phases of c ry s ta l l iz a t io n  (MacKevett, 1963).
Other areas of plutonic-hosted uranium deposits include the 
bostonite dikes of the Colorado Front Range; anatectic(?) pegmatites and 
aplites of Radium H i l l ,  Austra lia; uranium-bearing hydrothermal vein 
deposits in the Boulder batho lith , Montana; pegmatites and alaskites of 
Mount Spokane, Washington; and Midnite Mine, Washington, where uranium 
is concentrated in a metasedimentary roof pendant within a gran itic  stock 
(Mickle and Mathews, 1978). F. C. Armstrong (1974) describes hypothetical 
"porphyry" uranium deposits as orebodies of 400 ppm uranium disseminated 
within and along fractures and shears in gran it ic  rock. Suitable host 
rocks are a la s k ite ,  leucocratic gran ite , and b io t ite  granite that 
contain a complex network of a p l i t ic  and pegmatitic dikes of quartz and
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K-feldspar. Uranium generally occurs as primary uraninite and/or ionic 
and molecular disseminations of uranium.
CHAPTER V II  
DISCUSSION
The Basin Creek area is s im ilar to the Boulder batholith of 
western Montana (Castor and Robins, 1978). Uranium mineralization occurs 
in both areas within composite g ran it ic  intrusions of Late Cretaceous 
age. Both the Idaho and Boulder batholiths loca lly  host uranium occur­
rences of several types. The Basin Creek region of the Idaho batholith  
hosts pegmatitic occurrences, uraninite-chalcedony veins, and stockwork 
("porphyry") occurrences. The Boulder batholith hosts these three types 
of m ineralization as well as uranium in base metal sulfide veins (B ieler  
and Wright, 1960).
Pegmatitic occurrences are highly d iffe ren tia ted , residual 
magmas enriched in uranium and v o la t i les  which have been expulsed from 
cooling d iffe re n tia te d  melts (Adler, 1977) and injected into older host 
rocks. At Basin Creek the pegmatitic host rocks are the e a r l ie r  pulses 
of the Idaho batholith: equigranular gran ite , K-feldspar porphyritic
granite, and quartz granite porphyry. No pegmatites have been observed 
in the late-stage leucocratic granite and the relationship between pegma­
t ite s  and leucocratic granite is unknown. Discussion in Chapter IV has 
demonstrated a 20-times increase in the water content within residual 
flu ids derived from a water-undersaturated gran it ic  magma. A sim ilar  
increase in v o la t i le  content would y ie ld  a concentration of uranium from 
an average of 6.3 ppm (Table 5) to 126 ppm.
Uraninite-chalcedony veins are younger than th e ir  host rocks;
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Table 5, Background uranium values for selected specimens of Basin 
Creek rocks.
U ppm
9.6
4.5
6.9
Sample
Number
EBC-47
EBC-48
EBC-49
Rock Description
Altered K-feldspar porphyritic granite.
Fresh K-feldspar porphyritic granite.
Fresh hornblende-bearing K-feldspar 
porphyritic granite.
3.0
5.6
BB-70
BB-73
Fresh quartz granite porphyry. 
Altered quartz granite porphyry.
7.0
3.0
EBC-52
EBC-53
Altered leucocratic granite. 
Fresh leucocratic granite.
Analyst: Noranda Exploration Co. L td ., Vancouver, B ritish  Columbia,
Canada.
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structural control is important in trapping the uranium-bearing hydro- 
thermal solutions. The veins commonly display textures of open-space 
f i l l i n g  within fa u lts ,  jo in ts  or fracture zones (Rich, Holland, and 
Petersen, 1977). The uraninite-chalcedony veins at Basin Creek are 
structu ra lly  controlled along northwesterly trends. This dominant trend 
occurs within the batho lith ic  rocks but is not observed in the nearby 
Challis volcanics, suggesting that the northwest grain is pre-Challis  
and therefore pre-Eocene and was not active during Challis events. 
Choate's (1962) descriptions of the veins suggest open-space f i l l i n g  
textures for the vein m ateria l. Rich, Holland, and Petersen (1977) 
observe that most hydrothermal uranium deposits in the United States are 
hosted by competent fe ls ic  igneous and metamorphic rocks of Precambrian, 
Late Mesozoic, and Tert ia ry  age. The authors also note a strong posi­
tive  correlation between the d is tr ibu tion  of uraninite veins and 
granites containing anomalously large amounts of uranium of greater than 
5 ppm. The uraninite-chalcedony veins of the Boulder batholith contain 
95% quartz (Wright and B ie le r, 1960); many of the radioactive veins at 
the Alta prospect at Basin Creek are composed predominantly of chalcedony 
with microscopic blebs of uraninite (Kern, 1959).
Uranium is generally enriched in the youngest and most fe ls ic  
members of the g ra n it ic  suite (Bohse and others, 1974; Rogers and others, 
1978). I f  the uranium-bearing v o la t i le  phase separates from the magma, 
pegmatite or hydrothermal vein deposits may form elsewhere in suitable  
traps. I f  the v o la t i le  phase is retained during crys ta ll iza tio n  of a 
water-saturated, highly d iffe ren tia ted  magma, a high concentration of
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uranium is disseminated within the plutonic rock or concentrated in a 
stockwork of fractures. This may form a uranium occurrence of low- 
grade, large-tonnage po ten tia l.  The uranium may occur as primary 
uranium-bearing minerals, in micro-inclusions, and in intergranular 
"films" (Sorensen, 1977, p. 49). The Ross-Adams a lk a li  granite in 
southeastern Alaska is a classic example of a granite that contains ab­
normal amounts of late-stage v o la t i les : uranium, thorium, yttrium ,
lanthanum, n ic k e l, cesium, and rare-earth elements (von Backstrom, 1974) 
Dissemination of uranium along microfractures in the Hardee prospect at 
Basin Creek may be comparable to the hypothetical "porphyry"-type 
occurrences of F. C. Armstrong (1974). At the Hardee, uraninite may 
have been remobilized and concentrated along tiny  fractures proximal to 
the larger uraniferous veins. However, the host K-feldspar porphyritic  
granite is not the youngest nor most d iffe ren tia ted  phase exposed in the 
Basin Creek sequence. Therefore, i f  the uranium is genetically related  
to a late-stage d i f fe re n t ia te  of the batho lith , i ts  source rock is else­
where within the Idaho batholith .
The leucocratic granite of the Basin Creek area is probably not 
the uranium source rock because i t  presently has a uranium content one- 
and-one-half to three times less than the background values for the 
quartz granite porphyry or K-feldspar porphyritic  granite units (see 
Table 5 ). Rich and others (1977) observe that highly radioactive 
granites (^10 ppm) often have closely associated hyrothermal uranium 
deposits. This suggests that anomalous granites are the uranium sources 
for the hydrothermal deposits. Quartz granite porphyry and K-feldspar
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porphyritic granite are the most l ik e ly  gran it ic  sources for the 
granitic-hosted uranium deposits in the Basin Creek area.
TERTIARY URANIUM SOURCES
The uranium-lead isotopic dates for uraninite from the Basin 
Creek area (discussed in Chapter V) indicate that the uranium was 
probably remobilized within the Cretaceous granite from Idaho batholith  
source rocks and/or country rocks, but the age of the granitic-hosted  
uraninite veins is not known. There are few geologic constraints to 
l im it  speculations on the age and genesis of the uraninite vein deposits. 
Both the Idaho batholith and overlying Tertiary  arkose are uraniferous 
host rocks, but I do not know i f  both rock types were mineralized during 
the same event. I have discussed, above, a plausible Cretaceous min­
eraliz ing event. Several workers have suggested that much of the 
mineralization found in Idaho is related to Tertiary plutonism (Anderson, 
1951; Bennett, 1980); i f  th is  is the case for the Stanley uranium 
deposits, they may be related to the local Tertiary piutons: Sawtooth
batholith , 15 km to the south-southwest, and Knapp Peak pluton, 20 km to 
the north-northwest. Tertia ry  plutons within the Idaho batholith contain 
twice as much U, and Th as the main batholith (Swanberg and Blackwell, 
1973). Much of the uranium occurs in hydrous and secondary minerals re­
sulting from in teraction  with meteoric ground waters (Gosnold, 1977). The 
Tertiary epizonal plutons set up large convective hot-water systems (Criss 
and Taylor, 1978) that could have circulated uraniferous flu ids through 
the T ert ia ry  plutons, Cretaceous gran ite , and arkosic sediments. I f  a l l
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the uranium occurrences in the Basin Creek area are the same age, a 
Tertiary source and genesis is probable.
The oxygen and hydrogen isotope studies of Taylor (1978) show 
that most of the Atlanta lobe of the Idaho batholith has been affected by 
meteoric/hydrothermal a c t iv i ty .  Pehn and others (1978) discuss three 
mechanisms to hydrothermally red is tr ibu te  metals within gran itic  plutons. 
Each mechanism is capable of developing a hydrothermal uranium deposit.
The hydrothermal convection mechanisms are: 1) in i t ia l  heat of the
pluton (Cretaceous event); 2) la te r  addition of heat from nearby thermal 
disturbances (T ertia ry  epizonal plutons); and 3) thermal anomalies re­
lated to radioactive decay. Radioactive decay within central Idaho occurs 
in both the Cretaceous and Tertiary  g ran it ic  plutons but especially in the 
la t te r  as noted above. The mass of water convected by radioactive heat 
generation during a few m illion  years is comparable to the mass of water 
convected by a cooling intrusive (Pehn and others, 1978). I f  hydrotherm­
al convection from radioactive heat generation has created the uranium 
deposits in the Basin Creek area, why do only the Idaho batholith and 
Tertiary arkose contain economic concentrations of uranium? The Challis 
volcanics apparently do not host any economic uranium occurrences (Siems 
and others, 1979). This question goes beyond the scope of this thesis, 
but i t  seems that the Idaho batholith and Tertiary  arkose provided 
optimal settings fo r  uranium deposition and concentration.
The granitic-hosted uranium occurrences in the Basin Creek area 
are located close to the contact with the Tertiary  arkose. The arkose 
developed on an erosional surface of the Idaho batholith in early
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Tertiary  time. The vein occurrences display textures of open-space 
f i l l i n g ,  strong structural control, and a low-temperature hydrothermal 
mineralogy (Kern, 1959), including s t ib n ite .  All uranium occurrences 
in the Basin Creek area may have formed under near-surface conditions 
(less than 3 km; Cater and others, 1973, p. 23) beneath the Challis 
volcanic p i le .  Convection cells  set up around the recently intruded 
Tertiary Sawtooth and Knapp Peak plutons circulated uraniferous ground­
waters through permeable zones. In the Basin Creek area the most 
permeable zone was the unconformity between the arkosic sediments and 
the fractured Idaho batholith . Because quartz granite porphyry and 
K-feldspar porphyritic  granite host the majority of uranium vein 
occurrences, these two units must have formed the surface of unconform­
ity .  The uraniferous meteoric waters descended along fractures, jo in ts ,  
and fau lts  intersecting the surface of unconformity to form supergene 
deposits. The source of the uranium was the Challis igneous rocks 
(both in trusive and extrusive). This supergene mechanism of mineral­
izing the Idaho batholith contrasts the Tertiary  hypogene mechanism 
suggested by several authors for the Basin Creek area : Kern (1959) and
Choate (1962).
CHAPTER V I I I  
SUMMARY AND CONCLUSIONS
The Basin Creek area is located on the eastern fringe of the 
Atlanta lobe of the Idaho batholith  where a variety of textural phases 
are exposed. Several magmatic pulses along the eastern edge of the 
batholith f i t  into a chronologic framework that displays an apparent 
evolution of magma from intermediate to fe ls ic  compositions. The five  
textural and compositional units of the Idaho batholith are;
Equigranular Granite 
Quartz Granite Porphyry 
K-feldspar Porphyritic Granite 
Leucocratic Granite 
Aplites and Pegmatites.
Leucocratic granite is a late-stage d iffe ren tia ted  phase of Cretaceous 
intrusive a c t iv i ty  which is not anomalous in uranium content or mineral­
ization , as might be anticipated fo r a d iffe ren tia ted  magma. K-feldspar 
porphyritic granite contains the best granitic-hosted uranium deposits 
in the Stanley area. Quartz granite porphyry and pegmatite dikes are 
also good uranium host rocks.
The genetic relationship between the Idaho batholith and its  
uranium m ineralization is uncertain; the uranium mineralization is la te r  
than and s tru c tu ra lly  controlled within the gran itic  rocks. Origin of 
the uranium is ambiguous, p a rt ic u la r ly  when considering the much greater 
age of the uranium-lead isotopic data. Several mechanisms for generating
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uranium deposits within the g ran it ic  rocks are presented in Chapters VI 
and V I I .  Uranium may be concentrated in the residual melt which becomes 
water-saturated with continued c ry s ta l l iz a t io n  of a water-undersaturated 
gran itic  magma. Emplacement o f the uranium in water-saturated, volatile-  
rich liq u id  may form the three types of granitic-hosted uranium deposits 
found in the Basin Creek area: hydrothermal veins, pegmatites, and
stockwork.
Tert ia ry  epizonal plutons within the Idaho batholith appear to 
have created large convective hot water systems which circulated urani­
ferous f lu id s . The uranium could have been leached from high uranium 
background rocks: Cretaceous K-feldspar porphyritic granite, Cretaceous
quartz granite porphyry. Tertiary  gran ite , or Tertiary fe ls ic  volcanics. 
Emplacement of the uranium as hypogene or supergene deposits may have 
occurred as a single event or as several events, related to Cretaceous 
and/or Eocene igneous a c t iv i ty .  Although the genetic relationship  
between the Idaho batholith and i ts  uranium mineralization can not be 
proven, the relationship has been shown to be plausible given the con­
ditions observed in the Basin Creek area of the Idaho batholith.
SPECULATIONS
In conclusion, I submit several speculations on the Basin Creek 
geology. The Stanley area is the only s ign if ican t area of known uranium 
m ineralization in the Idaho batholith because of special favorable con­
ditions which include: proper ground preparation, source of uranium and
hydrothermal f lu id s ,  conduits and mechanisms to circu late f lu id s , and
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reducing chemical conditions favorable for uranium precipitation. Other 
areas of the Idaho batholith may be mineralized but erosion has removed 
or not yet exposed those mineralized areas.
The leucocratic granite is sim ilar in appearance to the White 
Cloud and Thompson Creek stocks. Both Late Cretaceous stocks host 
significant stockwork-molybdenum minerals. Because of the s im ila r ity ,  
the leucocratic granite makes a good molybdenum exploration target. 
However, the leucocratic granite does not display an appropriate a lte ra ­
tion suite of s e r ic i te ,  p y r ite ,  s i l ic i f i c a t io n ,  and/or potassic 
altera tion .
The Tertia ry  rhyo lite  and s i l i c ic  dikes are part of the Idaho 
porphyry be lt and/or are surface manifestations of buried Tertiary  
plutons. Kiilsgaard (verbal communication, 1978, in  Bennett, 1980) has 
traced Tert ia ry  dikes into a Tertiary  pluton along the South Fork of the 
Payette River near Lowman. A sim ilar situation may exist for the Basin 
Creek dikes providing a local Tertiary  heat system to circulate urani­
ferous f lu id s  in the Idaho batholith and the Tertiary arkosic sediments.
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APPENDIX I
Table A. M inera logy and v is u a l es tim ate  o f  modes from th in  sections
o f  Cretaceous eq u ig ran u la r  g r a n i te .
1
c ..
(U 4-> CO (/>
$ - CO C E c (O o>
to 03 (U <u (J -O
ex. 4-> c CO (U
CO U C <u CO (U o <u E X
“O N O o +J 0) 4-> Q} c s- o
o 3 sz o -»-> CL i - (U0) S_ o> w 4-> 0) o to o c
4 - to *0 o to .c s- &_ CO o1 3 c Q. CL CL 0) _c s.
CT Q. O IC CO N 4->
<
ro
S-<L)
o
BB-52 20 25 40 (30) 10 2 t 2 t X X X
BB-53 34 30 35 nd 1 - t - t X X
BB-71* 25 35 37 (24) .6 .3 t t - X X
PR-2 10 30 50 nd 8 2 - t - X -
PR-3 20 30 40 nd 7 - t t - X -
RB-1 15 20 40 (26) 13 2 - * - - - -
Sample Locations: 
BB-52 
BB-53
BB-71
PR-2
PR-3
RB-1
Bell Cross prospect: center, section 10, T. 11 N ., R. 13 E
Bell Cross prospect: center, section 10, T. 11 N ., R. 13 E,
West center, section 11, I .  11 N . , R. 13 E.
18.6 miles east of Lowman on Idaho Highway 21.
8.8  miles east of Lowman on Idaho Highway 21.
Between Robinson Bar and Peach Creek on Idaho Highway 75.
2000 p o in t  counts.
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Table B. M ineralogy and v is u a l estim ates o f  modes from th in  sections
o f  Cretaceous q u artz  g ra n i te  porphyry.
___ 1c ••
<U 4-> • r-  4-> to to
s- to C E c ro <u
«0 ro 0) (U <u a ■o
Q . 4-> c to +Jto O C to OJ o <u ro E X
T3 N O o 4-> (U ■M <U •I- s- C o■M (_) 3 c -*-> CL o <L>
OÎ 4-) o* +-> (1) ro +J c4- ro ro o ro ro L. to S- o
1 3 C CL CL CL QJ r— rO s-b./ CT CL <c _o O *0 to 4-> ro  I— S- 
<U
Ü 5
BB-49 20 20 50 (29) 10 t — — - X X
BB-61 10 35 40 (36) 10 t t  - X X X
BB-61a 14 25 45 (29) 8 3 - t X X -
BB-70* 50 26 20 (29) 3 0.5 - - - X X
BB-73* 10 42 39 (26) 7 t — — X X -
EBC-8* 11 36 46 nd 6 2 t  - - X X
Sample Locations:
BB-49: Baker prospect: southeast section 35, T. 12 N ., R. 13 E.
BB-61: Lightning Number 2 prospect: center, section 1, T. 11 N., R. 13 E.
BB-61a Lightning Number 2 prospect: center, section 1, I . 11 N., R. 13 E.
BB-70: Southeast, section 11, T. 11 N . , R. 13 E.
BB-73: Lightning Number 2 prospect: center, section 1, I . 11 N., R. 13 E.
EBC-8: West center, section 6, T. 11 N ., R. 14 E.
2000 p o in t  counts
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Table C. M ineralogy and v is u a l estim ate  o f  modes from th in  sections
o f  Cretaceous K -fe ld s p a r  p o rp h y r i t ic  g ra n i te .
1
c ••
Q) +j •1— p to to
s_ to c (U E c fd O)
*o «0 (D "O Qi u •o <uo. -P cz sz V) o pto u C 0) to 0> <u O (U E p X fd
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u u
BB-8 35 25 35 (22) 5 t  t - X - - -
BB-43 50 25 15 nd 10 t  t - X X - -
EBC-15* 36 27 29 (28) 6 t  t - X X - -
EBC-24 40 25 35 (21) 1 1 - t - X - - -
EBC-25 20 30 45 nd 5 t  t - X X X -
EBC-36 50 15 30 nd 5 t  t - X - - X
EBC-46 10 35 45 nd 10 t  - 1 - X X X -
EBC-47* 13 35 42 nd 10 0.5 t t  t - X X - X
EBC-48* 25 33 31 (21) 9 0.1 t - X X - X
EBC-49* 4 43 34 (22) 11 0.6 t t  t 7 X X - X
EBC-55 20 30 35 (35) 11 1 - 3 - - X X - -
#11 40 10 35 (22) 10 t  t 2 - 2 X X - -
Sample Locations:
BB-8:
BB-43:
EBC-15
EBC-24
EBC-25
EBC-36
EBC-46
EBC-47
EBC-48
EBC-49
EBC-55
#1 1 :
East center, section 12, T. 11 N ., R. 13 E.
Southwest of Sunday Creek and Basin Creek confluence.
Center, section 1 , 1 .  11 N ., R. 13 E.
A lta  prospect: northwest, section 14, I .  11 N ., R. 14 E.
A lta prospect: northwest, section 14, T. 11 N., R. 14 E.
Hardee prospect: southeast, section 10, T. 11 N., R. 14 E. 
Hardee prospect: southeast, section 10, T. 11 N., R. 14 E. 
Center, section 21, T. 11 N., R. 14 E., on Basin Creek road.
Southeast, section 23, T. 11 N., R. 14 E., on Idaho Highway 75
Southwest, section 24, T. 11 N ., R. 14 E., on Jdaho Highway 75
Northwest, section 28, I .  11 N ., R. 14 E., on Idaho Highway
Immediately west of Sunbeam on Idaho Highway 75.
2000 point counts.
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Table D. M inera logy and v isu a l estim ate  o f  modes from th in  sections
o f  Cretaceous le u c o c ra t ic  g r a n i te .
1
c ••
<u 4-> •1- to to
L in C E C to O)
to to (U OJ u ■o (U
Q . 4-> c  to <u 4->in u C 0) in 0> o <u E 4-> X to
*a N o o ■M <U +J a> C - r -  S- o c
o 3 c o +J CL <u L. o
(U S. o> 4-> CT 4-> u to 4-> O c jQ4- fO to O to to s- S- to o s-
1 3 C Q. CL Q. (U r — S- to2k: cr Q. c .O O to to N + j tor— i-
<C CU
5 u u
EBC-42 40 35 22 nd 3 t - — - X - X -
EBC-43 25 35 40 (21) t t - — X - X X
EBC-52* 18 30 46 (24) 4 0.5 t -  — X X X -
EBC-53* 37 30 27 (27) 2 1 - -  - X X X -
#3 20 35 40 (22) 5 t t t X X - X
#9 10 35 45 (24) 10 t t t  t X X - -
#19 40 24 35 (24) 1 t - — - X X - -
Sample Locations:
EBC-42 
EBC-43 
EBC-52 
EBC-53 
#3:
#9:
#19:
West center, section 20, T. 11 N . , R. 14 E.
Center, section 20, T. 11 N ., R. 14 E.
Center, section 20, T. 11 N ., R. 14 E ., on Idaho Highway 75.
Southeast, section 19, I .  11 N ., R. 14 E.
West center, section 29, T. 11 N., R. 16 E . , on Idaho Highway 75, 
immediately west of Torreys Inn.
West, section 21, T. 11 N ., R. 15 E., on Idaho Highway 75, west 
of Stovepipe Spring.
Northeast, section 35, I .  11 N ., R. 13 E . , on Idaho Highway 75, 
east of Joe's Gulch.
2000 p o in t  counts.
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Table E. M inera logy and v is u a l es tim ate  o f  modes from th in  sections
o f  Cretaceous a p l i t e s  and pegm atite  d ikes .
1
C ••
O) 4-) •f“  4-* in
s- </) C E C A3ra »o (U (U (U <JQ. 4-> 4J C (/) • r - <U(/> u C (U </) <u O  (U E 4->N o o -»-» > <U "I— S-■M Ü 3 o C 4-> O . Q) S-(U U CT) 4-) cr o 4J <u (d 4J oy- ro O «3 in «3 J= s- in1 3 c a. 3 Q. Q. (U r~ _C szcr n. o E A3 (/) 4-> A3 r— S-<c (u
3 o
EBC-41a 15 20 55 nd 7 3 t t  t X -
EBC-41b 45 25 25 (20) 2 3 - — - X X
EBC-41C 40 25 30 (20) 3 t t t  - X X
EBC-41d 50 20 30 (24) 1 t - — X X
Sample Locations:
EBC-41a, b, c, d: Southeast, section 23, I .  11 N ., R. 14 E . , on Idaho
Highway 75.
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Table F. M ineralogy and v is u a l es tim ate  o f  modes from th in  sections
o f  T e r t i a r y  r h y o l i t e .
1
C
a> + J -M to to
&_ (/) c (U E C ro <u
ro <u "O 0) <u Ü OJ ■O
a . +J c +J c (/) 4->
in o c OJ to (U Q) o (U 4-> E rO X
T J N o o 4-* <u > c +-> s- SZ o
+J u 3 .a o o 4-> Q . S- (U to o
(U S- o> or c o (J 4-> ro o -P >» X i c4- (0 fO O ro to s- ro S- to ro s- o
1 3 c O . o 3 CL dJ sz to s_cr a. < c _a O . c E N rO +J
<
roS-
Ol
u 3 O o
BB-23 30 20 30 nd t 1 - t  -  - X X X — "
BB-39 40 30 20 nd 2 2 2 - t  t X X X X X
EBC-51 60 25 10 (25) 1 t - t  t  - 5 X X X
A-4 60 20 t  nd t t -  - - - 15 - - X
Sample Locations:
BB-23: Northeast, section 1. T. 11 N., R. 13 E.
BB-39: Northwest, section 1, T. 11 N., R. 13 E.
EBC-51 : Southwest, section 21 . T . n  N ., R. 14 E., on Idaho Highway 75.
A-4: South center, section 36 , T. 12 N., R. 13 E.
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Table  G. M in era lo g y  and v is u a l  es t im a te  o f  modes from th in  sections
o f  T e r t i a r y  s i l i c i c  d ik e s .
""1..............
c ••
<U •r— 4-> in
s- to E c (0
to <o (U o <uQ. c in -»->
in o to O <D E fO
T3 N o (U •r- L. c
+J •r- 3 +-> Q. <u o
<u S- cr 10 -»->
<+- fO <o <T3 L. in s-
1 3 O. 0) I— JZ ro
CT O. o +J lO 
r— S- 
C  (U
2 U
BB-18 25 40 30 t 5
BB-47 50 50 - t t
EBC-54 25 60 2 t 13
#18 45 45 — 1 5 1
Sample Locations:
BB-18: Center, section 12, T. 11 N . , R. 13 E.
BB-47: Center, section 12, T. 11 N . , R. 13 E.
EBC-54: West center, section 19, T. 11 N . , R. 14 E.
#18: Center, section 36, T. 11 N., R. 13 E ., on Idaho Highway 75.
